The production of fever for therapeutic purposes by the use of typhoid vaccine is well known. Various methods of administering the vaccine have been described. For example, Solomon2 has used the "divided dose" technic in which the vaccine is injected intravenously,. the same dose being repeated in one or two hours, if necessary, in order to maintain a temperature above 1040 F. for at least three hours. Weinberg and Goldstein5 have used the "expanding dose" technic in which a small intravenous injection of vaccine is followed by a larger dose at the height of the fever produced by the first injection. This procedure is repeated on successive days with increasing dosages. They report the treatment of 74 patients with neurosyphilis by this method without observing any ill effects.
The recent literature contains reports of another modification of this technic in which the typhoid vaccine is administered over a longer period of time by intravenous drip infusion. Solomon and Somkin3 have described this method and have reported 14 cases, most of them patients with subacute bacterial endocarditis but also including patients with chronic pyogenic lung infections, ulcerative colitis, and chronic arthritis, who were treated by a combination of vaccine and sulfonamides. They conclude that this combination offers "a therapeutic agent which is far more potent than that of the sulfonamides alone." Taylor and Page4 have reported two cases of severe renal irritation resulting from foreign protein (fever) therapy; in the first case, the fever was induced by the intravenous drip technic described by Solomon. Both patients had shown evidence of previous renal disease, however, one suffering from malignant hypertension and the other from hemorrhagic Bright's disease in the nephrotic stage.
An exhaustive study of the use of a continuous intravenous drip technic with typhoid vaccine has been reported by Knight, Emory and Flint,1 who treated 91 patients with this method. Most of them were young adults with resistant gonorrhea but a fairly large number of older patients were also treated without ill effects. The authors are of the opinion that adverse reactions noted by other investigators were due to poor selection of patients and insufficiently standardized technics. Their technic of administering the treatment and of computing the individual dosage is described in detail. It has been followed by us in the treatment of general paresis. To the best of our knowledge, the use of the continuous drip treatment for producing fever in this disease has not been reported previously.
Technic
The principles which govern the selection of patients for this procedure are the same as for any other type of fever therapy. In addition to a complete physical examination, an x-ray examination of the chest, electrocardiogram, complete blood count, blood chemistry, and urinalysis should be done and evaluated before the patient is considered suitable.
The patient is put to bed under a specially devised frame.* The prescription for the first treatment is written as follows:
30 M plus 300 M x 1000 cc.
60 m x 500 cc. This prescription indicates that the initial or "shock" injection is to consist of 0.3 cc. of the 1:20 dilution of standard typhoid vaccine in 20 cc. of 5 per cent glucose in normal saline. At the end of an-hour or two, the intravenous drip is started. The vaccine, diluted to contain 300 million organisms in 1000 cc. of 5 per cent glucose in normal saline is allowed to flow at the rate of 60 drops per minute until 500 cc. have been given. The temperature will usually be elevated at this time but if it has not yet reached the desired level (104°-1060 F.), the rate of flow may be increased to 120 drops per minute and the remaining 500 cc. given. If the desired level of fever is not reached at this point, the concentration of vaccine should be increased, the rate of flow being maintained at 120 m per minute. When the desired temperature is reached, the rate of flow may be decreased in order to hold it at this level as determined by individual reactions. The concentration last used, however, is maintained. The duration of the fever may be as prolonged as desired. This should probably be 3 or 4 hours. The total duration of the treatment should be about 8 or 9 hours.
Defervescence is brought about by discontinuing the typhoid drip and'running in 5 per cent glucose in normal saline fairly rapidly (120 m per minute). Usually about 1000 cc. of glucose in saline * Cf. Knight, Emory, and Flint.' will be required for defervescence which usually occurs in about two hours. However, the treatment may be terminated as soon as the temperature has dropped to 1020 F. The patient should then be given fluids freely by mouth. Since the patient acquires an increasing tolerance to typhoid vaccine, the dosage will probably have to be increased for subsequent treatments. The amount of increase depends on the previous febrile reaction during the induction period.* We have found it necessary to increase the dosage for the second treatment to: 60 M plus 600 M x 1000 cc.
60 m x 500 cc. and for the third treatment to: 120 M plus 1200 M x 1000 cc.
120 m x 500 cc.
The increases for subsequent treatments ranged from 30 M to 50 M for the "shock" dose and from 300 M to 500 M for the continuous drip dose. If the desired fever level is reached in less than one hour, the same prescription should be used for the next treatment.
During the treatment, the blood pressure is noted every half hour. The temperature and pulse rate are noted every 15 minutes during the induction period and every 5 minutes during the height of the fever.
The reactions most commonly encountered are said to be nausea, vomiting, chills, restlessness, and headache. Chilling may be controlled to some extent by calcium gluconate. Restlessness is controlled usually by codeine, but morphine and hyoscine may be given if necessary. Sedatives should not be given too early, since too much initial sedation prolongs the induction period. Convulsions have not been reported as common reactions. The convulsions which occurred in our patient were apparently similar to his previous convulsive seizures; they ceased following intramuscular injection of sodium luminal and rapid defervescence occurred without any untoward after-effects.
The reactions which require immediate treatment are a drop in blood pressure to a systolic level -of 80 or below, an extremely rapid pulse, and a too rapid rise of fever. 35 minutes. An increase in the "shock" dose was found to shorten the induction period and to decrease the total number of organisms required during the drip treatment. The following chart of the ninth treatment is presented as a representative sample of the reactions of our patient.
The number of treatments necessary or desirable is not yet knowIn to us but will probably be found to depend on the number of hours of fever resulting from the treatments. Our present opinion is that at least ten treatments are necessary.
Case Report The patient is a 36-year-old male whose initial syphilitic infection occurred at the age of 17. He was known to have had serological evidence of neurosyphilis for at least 8 years. The obvious psychiatric changes occurred about 4 years ago, at which time he received a prolonged course of malarial therapy with 18 chills. In 1942 he received 31 hours of mechanical fever (diathermy) therapy. No beneficial effects were observed. He was admitted to the Norwich State Hospital on December 11, 1942. In 1943 he received another course of malarial treatment but no satisfactory fever levels were reached. Since then, he has received continuous chemotherapy, consisting of alternating courses of 12 injections each of tryparsamide and bismuth. His clinical course has been one of rapidly progressive and profound deterioration. The serology had shown no change from the time of admission, the Wassermann reaction remaining strongly positive in all dilutions, and the total protein increased; the colloidal gold curve remained paretic in type. In Novem- Inasmuch as the patient' had been shown to be resistant to malaria and other fever therapy, it was decided to produce fever by the intravenous drip technic with typhoid vaccine, as described above. To date he has completed 10 treatments. These were given twice weekly. Satisfactory levels of fever (1040 to 1060 F.) were obtained in all treatments. Except for the occurrence of convulsive seizures during the eighth treatment, as already noted, there were no severe reactions observed.
It is, of course, too early to evaluate the changes in the psychiatric picture, since we do not know whether or not they will be maintained. The patient has shown a gratifying response. Before this series of treatments was begun he had been markedly confused, dull, asocial, and untidy in his toilet habits. He had frequent outbursts of irritability and also repeated, prolonged convulsive seizures. After the third treatment, he began to show definite signs, of improvement. He is now more alert, shows some interest in his appearance, requests that he be shaved, voluntarily makes his own bed, and seeks the companionship of other patients. He looks at magazines, listens to the radio, and is always pleasant and cooperative. He is no longer untidy. Except for the convulsive seizures which occurred during the eighth treatment, he has had no convulsions. Some weakness of the right hand and leg persists but he is now attempting to use this hand and seems less clumsy. There has been no weight loss. No change has occurred in the morphology of the blood or in the blood chemistry. Tryparsamide is given once weekly at the height of the induced fever. The serological picture has remained unchanged except for the spinal fluid protein which has become somewhat reduced.
Conclusion
The present report is offered as a suggestion for the use of typhoid vaccine by the continuous drip method in the treatment of general paresis. Final report concerning its therapeutic efficacy must, of course, await the results obtained with a large number of patients. As a method for the production of therapeutic fever in general paresis, this procedure appears to have the particular advantage over other methods of more effective regulation and control. Moreover, it appears to be therapeutically effective in producing fever in the paretic who has become malaria-resistant.
